Abstract. Life Cycle Management (LCM) is a systematic approach, mindset and culture that considers economic, social, and environmental factors among other factors in the decision making process throughout various business or organizational decisions that affect both inputs and outputs of a product or service life cycle. It is a product, process, or activity management system aimed at minimizing environmental and socio-economic burdens associated with an organization's product or process during its entire life cycle and value chain. LCM's application is gaining wider acceptance both in the corporate and governmental organizations as an approach to reduce ecological footprints and to improve the sustainability of human activities. But where and how can it be used in agricultural engineering applications? This study highlights the potential areas of life cycle management application in agricultural and biological engineering and how it can be utilized. The study revealed that life cycle management tools such as design for environment and life cycle analysis can be used
Introduction
Meeting the three basic necessities of life has always been the focus of many individuals, NGOs (non-governmental organizations), and government officials. Professionals and organizations have invested heavily on efforts aimed at boosting the production of food, fibers and shelters. The agricultural and biological engineering profession has also been in the forefront of meeting these challenges. As a discipline, it applies engineering, science, and technology to agricultural and bio-renewable production, processing, and living systems and to the management of natural resources. Biological and agricultural engineers use their talent and vision in fostering the production of food, fiber, timber, and energy products. To meet these needs, agricultural and biological engineers develop and manage technologies, equipment, and other resources required to produce these basic necessities of life (ASABE, 2009; USDL, 2009; Wikipedia, 2009a, b) .
According to ASABE (2009), "As the world population swells, there are new emerging challenges. There is a need to produce more food, more energy, and a lot more of other goods that we use in our daily lives. But our limited natural resources demand that we produce more with less, that higher productivity does not degrade our environment, and that we search for new ways to use agricultural products, by-products, and wastes." How can these laudable goals be achieved in an eco-efficient and sustainable way? Are there tools and principles that facilitate the development and management of resources and technologies in an environmentally responsible, economically reasonable, and socio-culturally compatible way? If there is such tool, where and how can it be applied to what agricultural and biological engineers do? This paper attempts to answer these and other related questions. It is the aim of this paper to provoke comprehensive research into the utilization of life cycle management principles and its associated tools to foster sustainable agricultural and biological engineering practices and to promote the adoption of life cycle management principles in the design and management of our products, processes and facilities.
Life Cycle Management Principles
Life Cycle Management (LCM) is a systematic approach, mindset, and culture that considers economic, social, and environmental factors among other factors in the decision making process throughout various business/organizational decisions that affect both inputs and outputs of a product or service life cycle. It is a product, process or activity management system aimed at minimizing environmental and socio-economic burdens associated with an organization's production or processes during its entire life cycle and value chain. It is a life cycle thinking process that attempts to provide answers to the questions on what to do at various life cycle stages as illustrated in Figure 1 . LCM, therefore, is a concept that is applicable both at the upstream and downstream of the product, the process, or the activity's life cycle stages. It involves managing the total life cycle performance of a system from its conception to its end-of-life management in order to promote more sustainable production and consumption. Its application is gaining wider acceptance both in corporate and governmental organizations as an approach to reduce ecological footprints and to improve the sustainability of our activities. For instance, a number of corporate and governmental organizations (in Canada and in other countries) like Alcan, ConocoPhillips, Storaenso, Haworth, DIRRT, Eskom, INMINSUR, 3M, and BASF have reported successful use of LCM concepts and tools in their corporate activities. They are reaping one or more of the several benefits of using life cycle management principles. These benefits include reduction in resource wastage, elimination of the need to invest and install end-of-pipe technologies, reduction in ecosystem disruptions, and reduction in liabilities. These consequently translate into good corporate image that may results in better patronage. It also results in improved working environments, cost savings, and corporate profits. Enabling Supply and Infrastructures' Availability Assessment (ESIAA) helps us to determine if the resources required for the effective utilization/running of the technology are locally available or they have to be imported. This is particularly important to determine the possible capacity utilization and to plan ahead in case of emergencies.
Design for Environment (DFE) is necessary to determine how environmental friendly the technology is, and to spot where the bottlenecks may arise. It is applied to both the development of the hardware part of the technology and to the design of the production/ manufacturing process in which the hardware is used. Environmental Life Cycle Assessment (ELCA) is used to evaluate the environmental burden associated with material and energy consumption, and emissions to the environment at each stage of the life cycle of the technology. It is also used to determine the impact of the consumptions and emissions to the environment and to determine improvement opportunities that can be applied to eliminate or reduce the impacts.
Life Cycle Costing (LCC) is similar to the environmental lifecycle assessment except that it is used to analyze the technology cost at each stage of its lifecycle. This helps us to account for the true and total cost of the technology.
Social Life Cycle Assessment (SLCA) is also a life cycle analysis approach. It is used to determine the socio-cultural impacts of the technology at each stage of the life cycle. This assessment is used to analyze how the processes and the products affect not only the people who work with them or use them, but also how they impact the lives of people that live and work in the surrounding area where they are utilized. SLCA assesses these impacts by looking at how the technology will affect their employment, recreation, culture and education.
Biological and Agricultural Engineering Fields
Biological and agricultural engineering (BAE) has been defined as the application of engineering principles to any process associated with producing agriculturally based goods and management of our natural resources. It is a discipline that seeks to ensure that people have the necessities of life: safe and plentiful food to eat; pure water to drink; clean fuel and energy sources; and a safe, healthy environment in which to live (ASABE, 2009) . It integrates the biological and physical sciences to provide a foundation for engineering applications in agriculture, food systems, natural resources, the environment, and related biological systems (University of Illinois, 2009). According to ASABE (2009), agricultural and biological engineers devise practical and efficient solutions for producing, storing, transporting, processing, and packaging agricultural products. They also solve problems related to systems, processes, and machines that interact with humans, plants, animals, microorganisms, and biological materials. In addition, they develop solutions for responsible alternative uses for agricultural products, byproducts, and wastes and for our natural resources: soil, water, air, and energy.
There are a number of fields of specializations in agricultural and biological engineering. We have identified several of these areas of specializations in agricultural and biological engineering. These include power and machinery, soil and water resources, food and bioprocess, and structures and environmental engineering. Others include the emerging areas in nanotechnology, and biomass production and utilization. The boundaries between some of these fields are fuzzy and the specializations vary from one institution to another. In a number of places some of these specializations are not visible. 
Life Cycle Management Application in Agricultural and Biological Engineering
Life cycle management concepts can be applied in each of the various fields of agricultural and biological engineering. In general, life cycle management tools can be used in the design of agricultural equipment and structures as well as in bioprocess design. A few examples are discussed below.
Power and Machinery Engineering
Power and machinery area of agricultural engineering involves processes and equipment for improving food production, handling, storage, processing and distribution (OSU, 2007) . Life cycle management principles can be applied to these activities of power and machinery engineers through the use of each of the LCM tools like DFE, ELCA, LCC, SLCA and ESIAA. Design for Environment will require designers to consider assemblability, disassemblability and manufacturability of component parts of equipments that are designed. It will also require consideration of ease of installation, use, and operation; and maintainability and remanufacturability of machinery. Furthermore, there is both an increasing environmental consciousness by the users of end products, and increasing environmental regulations. As proactive power and machinery engineers utilize DFE tools, they will also need to consider upgradability and reusability of component parts and sub-assemblies when designing agricultural equipment such as tractors, ploughs, harrows, seed planters, drills, fertilizer applicators, sprayers, transplanters, harvesters, imaging devices, and other technologies associated with agricultural and agri-industrial activities. These same factors will also affect the choice of materials and processes used in manufacturing these equipments. Moreover, the employment of design for environment tool will necessitate the designing of agricultural machinery functions in modules that will facilitate easy diagnosis and less disassembly whenever the machines become faulty and need to be repaired. Consequently, this will lead to reduced repair time, reusability of sub-assemblies, and lower cost of ownership. On the overall, it will result in optimal use of resources and foster the attainment of much desired sustainable development goals.
Environmental life cycle assessment can be used to evaluate the environmental burden associated with material, energy, water, and other resource consumption; as well as the emissions generated by the agricultural machinery at various stages of their life cycle. The environmental impacts of these consumptions and emissions can be determined by using ELCA tool. This can help identify, articulate, and enable possible improvement opportunities for these equipments at various stages of their life cycle, as shown in Figure 1 . Other added advantages of this tool are the possibility of using it for product development, improvement, and comparison.
In addition, the tool can be used for procurement policy formulation and improvement; as well as for public information, dissemination, and education. Furthermore, ELCA, LCC, and SLCA can be used in conjunction with DFE. For example, during product development, design for environment concepts enables us to incorporate eco-friendly features into the conceptual designs. Each of the conceptual designs is then assessed for assemblability, disassemblability, manufacturability, remanufacturability, maintainability, reusability, upgradability, and other design factors.
In the same manner, the resource requirements and the emissions attributable to the product are quantified. The potential environmental impacts, life cycle cost, and socio-cultural impacts are then assessed. Consequently, doing these will facilitate decision making at various levels of management as to which design to pick, what could be done to reduce the impacts, and how to plan for the future product take-back and improvement system(s). Moreover, these LCM tools can help engineers to quantify potential impact of various improvement plans that they may want to implement even before they invest a dime into the project.
Soil and Water Resources Engineering
This specialization focuses on soil erosion control, water quality, and irrigation systems (University of Illinois, 2009a, b) . Solutions to interrelationship/interdisciplinary problems between soil, plants, air, and water (which this field of agricultural engineering seeks to attain) can be reached faster by approaching the problems from the life cycle point of view. Life cycle management principles can be applied to the design, evaluation, and management of soil erosion and pollution control structures; crop and animal nutrition management; surface and subsurface drainage systems; constructed wetlands; and open channel, drip and sprinkler irrigation systems. DFE tool can be applied in these areas by incorporating design features that will minimize resource consumption, reduce emissions, facilitate system improvement; and enable the reuse of system components for similar or other applications. ELCA, LCC, and SLCA can also be used to assess the environmental, economic, and social impacts of the system at each stage of a product's life cycle, and over its entire life cycle, with the aim of identifying areas of improvement and opportunities; and prioritizing them. The ESIAA will help engineers determine if the resources and the infrastructure required for the system's utilization and maintenance are available, where they are available, how adequate they are, and consequently enable them to plan for future changes and improvement in capacity utilization.
Food and Bioprocess Engineering
The food and bioprocess engineering fields of agricultural engineering consists of all engineering activities associated with the processing, packaging, and delivery of food and/or biological products from the farm to the consumer. Its focus can include grain quality, milling properties, fuel ethanol, and food processing (University of Illinois, 2009a, b) , as well as the manufacture of pharmaceuticals, chemicals, biofuels, or biopolymers. Life cycle management principles can be used in the development and testing of new food products as well as in the evaluation and redesign of existing products. Design for environment (DFE) tool can be used in the design of food processing, packaging, and delivery equipment; and in the design of processes used in transforming raw biological materials to value added products. ELCA, LCC and SLCA can also be used to assess the potential impacts of these equipments and the associated processes over their entire life cycles and at various stages of their life cycles. In the same vein, ESIAA can be used to determine the sustainability of these technologies in the location(s) where they are planned to be deployed. Moreover, each of these tools can be used in designing and evaluating the packaging systems used for our food.
Structures and Environment Engineering
This field of agricultural engineering includes design and construction of agricultural facilities for animal housing, crop processing and waste management (MWPS, 1987) . It can also focus on heating, ventilation, air conditioning, refrigeration, air quality, and bio-waste treatment (University of Illinois, 2009a, b) . In these areas the concept of design for disassemblability, remanufacturing, reuse and upgrading can be applied to the design of heating, ventilating, and air-conditioning equipment and systems. It can also be used in the design of framed structures, indoor air quality systems, and control systems for buildings and biological systems. Design for environment can be applied in the design of foundations, framing, pavements, fencing, and tanks. Similarly, sustainability considerations as facilitated by ELCA, LCC, SLCA and ESIAA can also be utilized in the design and selection of materials and energy systems used in agricultural facilities.
Conclusion
Our world is changing rapidly. It is changing socio-culturally, economically, ecologically, and technologically. People in the fields of agricultural and biological engineering need to be proactive in order to be able to adapt to these changes, to maintain the relevance, and to continue in leadership roles in helping to meet the basic necessities of life. The role of agricultural engineers is widening to include newer areas such as bionanotechnology, biofuels, the environment, and the next generation of agricultural machinery. Imbibing and incorporating life cycle management principles in various fields of agricultural and biological engineering will facilitate a smooth and successful transition. It will help in reducing the environmental impacts of companies. It will also help organizations using the services to be more competitive, and consequently foster sustainable development from a triple bottom line perspective.
